Phytochemical investigation of the MeOH extract of twigs and leaves of Baeckea frutescens led to the isolation of seven new polymethylated phloroglucinol meroterpenoids (PPMs), named baeckfrutones M-S (1-7). Their structures and absolute configurations were determined by spectroscopic analyses, chiral-phase HPLC analysis, and electronic circular dichroism (ECD) calculations. PPM 1 is a novel meroterpenoid possessing a 6/6/5/3 tetracyclic skeleton in PPMs, whereas 3 and 4 are the first hydroxytasmanone type phloroglucinol-monoterpene hybrids. (?)-2 and 7 displayed potent antiinflammatory activity with IC 50 values of 20.86 ± 0.60 and 36.21 ± 1.18 lL, respectively.
species. All isolates were evaluated for their cytotoxic activities against four human cancer cell lines (HCT116, Hela, DU145, and A549) and anti-inflammatory effects on NO levels in LPS-stimulated RAW 264.7 macrophages. Herein, we report the isolation, structural elucidation, and bioactivities of these isolates. ? (calcd for 395.2562). It possessed the same planar structure as beckfrutone B [9] based on the analysis of its 2D NMR data. Although the correlation of H-7 with H-6 0 a in ROESY spectrum was observed for 2, the ROESY correlation of H-6 0 b with H-3 0 a indicated that the cyclopropane moiety in the sabinene unit was a-oriented. PPM 2 was proved to be a racemic mixture by the chiral HPLC analysis. The absolute configurations of (?)-2 and (-)-2, 7R,1 0 S,2 0 S,4 0 R and 7S,1 0 R,2 0 R,4 0 S, were subsequently determined by further chiral HPLC separation and calculated ECD spectra ( Fig. 4 (Table 3) of 3 disclosed 23 carbon resonances, including two ketone carbonyl, six quaternary (two oxygenated and two olefinic ones), four methine, four methylene, and seven methyl carbons. The existence of a sabinene unit was further confirmed by HMBC correlations from H 2 -5 0 to C-3 0 /C-4 0 , from H 2 -6 0 to C-1 0 /C-2 0 , and from Me-9 0 /Me-10 0 to C-4 0 , as well as the 1 H-1 H COSY correlations (Fig. 2) . The presence of an enone-type isobutyrylphloroglucinol moiety with a rare hydroxy group was inferred by the HMBC correlations from H-7 to C-1/C-6, from Me-9/Me-10 to C-7/C-8, from Me-11/Me-12 to C-2/C-3/C-4, and from Me-13 to C-4/C-5/ C-6 ( Fig. 2) . Moreover, the HMBC correlation from H 2 -7 0 to C-1 0 and the partial structure of H 2 -7 0 -H-7 as revealed by the 1 H-1 H COSY correlations indicated that phloroglucinal was coupled with sabinene via a C-7-C-7 0 bond.
The relative configuration of 3 was assigned by a ROESY experiment. As depicted in Fig. 3 , the ROESY correlations of H-7 with H-2 0 /H-7 0 b and of H-2 0 with H-3 0 b suggested that these protons were co-facial and arbitrarily designated as b-oriented. Likewise, the ROESY correlations of H-7 0 a with H-6 0 b and of H-3 0 a with H-6 0 a proved these protons were a-oriented. However, the relative configuration of Me-13 was left unassigned due to the lack of solid ROESY correlation. In order to determine the absolute configuration, the ECD spectra for two epimers with configurations of 5R,7R,1 0 R,2 0 R,4 0 S and 5S,7R,1 0 R,2 0 R,4 0 S were calculated. Finally, the absolute configuration of 3 was defined as 5R,7R,1 0 R,2 0 R,4 0 S by the calculated ECD spectra ( Fig. 4 ).
Baeckfrutone P (4) shared the same molecular formula as 3 by inspection of the HRESIMS m/z 397.2361 [M ? Na] ? (calcd for 397.2355). Overall, the NMR data (Tables 2 and 3) of 4 highly resembled those of 3, revealing that they shared the same planar structure. This was supported by analysis of the 1 H-1 H COSY and HMBC correlations (Fig. 2) . The ROESY correlations of H-6 0 a with H-7 and H-3 0 a indicated that these protons were cofacial and designated as a-oriented, but the ROESY correlations of H-2 0 with H-3 0 a permitted assignment b-orientation for H-2 0 (Fig. 3) . Moreover, the specific rotation value of 4 (?43.3, in MeOH) revealed it had different absolute configuration of C-7 compared to that of 3 (-18.5, in MeOH) [9, 11] , and the ECD spectra for two epimers with different configurations of C-7 were calculated. Finally, the absolute configuration of 4 was assigned as 5S,7S,1 0 R,2 0 S,4 0 R by the calculated ECD spectrum ( Fig. 4 ).
Baeckfrutone Q (5) was proved to have the molecular formula of C 23 H 34 O 3 as deduced from the HRESIMS m/ 5 was proved to shared the same planar structure as that of (±)-baeckfrutone I [9] according to analysis of their NMR data, as well as the 1 H-1 H COSY and HMBC spectra (Fig. 2) . The ROESY correlations of H-7 with H-6 0 a, of H-6 0 b with H-3 0 b suggested that these protons were co-facial and assigned as a-oriented ( Fig. 3 ). The calculated ECD spectrum ( Fig. 4 ) confirmed the absolute configuration of 5 as 7S,1 0 R,2 0 R,4 0 S. Baeckfrutone R (6) was shown to possess the molecular formula of C 24 H 36 O 3 according to the HRESIMS m/ z 395.2564 [M ? Na] ? (calcd for 395.2562), with 14 mass units more than that of 5 indicative of a methyl difference from the latter. The HMBC correlations from the additional methyl at d H 1.83 to C-4/C-5/C-6 indicated that this methyl was attached to C-5. Analysis of its ROESY and comparison of its experimental ECD spectrum with that of 5 revealed that they shared the same relative ( Fig. 3 ) and absolute configurations ( Fig. 4 ).
Baeckfrutone S (7) Table 4 ) with those of frutescone F [12] revealed that they were structural analogues, differing in the absence of the signals for Me-13. This hypothesis was supported by the HMBC correlations from H-3 to C-1/C-2/C-4/C-5. Additionally, the ROESY correlations of H-1 0 with H-5 0 , of H-5 0 with H-7, and of Me-10 with Me-14 0 indicated it shared the same relative configuration as frutescone F. The absolute configuration of 7 was defined as 7R,1 0 R,4 0 R,5 0 S,9 0 S by its calculated ECD spectrum ( Fig. 4) .
Biogenetically, PPMs 1-7 could derive from the same phloroglucinol precursors, tasmanone and demethylated tasmanone. Briefly, the dehydration of the putative precursors would give the intermediates A1 and A2, which could undergo hetero-Diels-Alder (HDA) reactions with thujene, sabinene, and caryophyllene via pathways I and II to yield 1, 2, and 5-7. Similarly, the keto-enol interaction, oxidation, and dehydration of tasmanone could afford intermediate A3, which would undergo HDA reactions via pathway I with sabinene to yield 3 and 4 (Scheme 1).
These isolates were evaluated for their cytotoxicities against five human cancer cell lines (HL-60, A-549, SMMC-7721, MCF-7, and SW480) and anti-inflammatory effects. However, none of them were cytotoxic at the concentration of 40 lL. Compared with the positive control L-N G -monomethyl arginine (L-NMMA, IC 50 : 54.07 ± 1.05 lM), (?)-2 and 7 showed more potent inhibitory effects on NO production in LPS stimulated RAW 264.7 macrophages with IC 50 values of 36.21 ± 1.18 and 20.86 ± 0.60 lM, respectively, whereas others were inactive.
In conclusion, baeckfrutones M-R (1-7), seven new PPMs were isolated from the twigs and leaves of B.
frutescens. PPM 1 is a novel meroterpenoid possessing a 6/6/5/3 tetracyclic skeleton, whereas 3 and 4 represent the first hybrids of hydroxytasmanone type phloroglucinol and monoterpene. (?)-2 and 7 exhibited more potent anti-inflammatory activities. The current study could enrich the phloroglucinol-terpene meroterpenoids from Myrtaceae species.
Experimental

General Experimental Procedures
Optical rotations were measured with a Jasco P-1020 polarimeter. UV spectra were obtained using a Shimadzu UV-2401 PC spectrophotometer. IR spectra were obtained with a Bruker FT-IR Tensor 27 spectrometer using KBr pellets. 1D and 2D NMR spectra in CDCl 3 were recorded on an AVANCE III 500 and 600 MHz spectrometers. HREIMS spectra were recorded on an Agilent 1290 UPLC/ 6540 Q-TOF mass spectrometer. ECD spectra were recorded on an Applied Photophysics spectropolarimeter. Column chromatography (CC) was performed on silica gel (200-300 mesh, Qingdao Marine Chemical Ltd., Qingdao, China) and RP-18 gel (20-45 lm, Fuji Silysia Chemical Ltd., Tokyo, Japan). Semi-preparative HPLC were performed on an Agilent 1260 instrument with a ZORBAX SB-C18 column (9.4 9 250 mm, 5 lm) or an Agilent 1100 instrument with a CHIRALPAK IC column (10 9 250 mm, 5 lm). TLC (GF 254 , Qingdao Haiyang Chemical Co., Ltd. Qingdao, China or RP-18 F 254 , Merck, Darmstadt, Germany) was used to monitor the fractions. Spots were detected by a UV light (254 nm) and followed by dipping in 10% H 2 SO 4 in EtOH and heating at 110°C. 
Plant Material
Extraction and Isolation
The air-dried and powdered twigs and leaves of B. frutescens (10.0 kg) were extracted with MeOH (3 9 50 L) by maceration at room temperature. The solvents were evaporated under reduced pressure to afford a crude extract (1.2 kg). The obtained extract was subjected to a silica gel column chromatography (CC) with a step gradient of petroleum ether (PE)-EtOAc (1:0 ? 0:1, v/v) as mobile phase, followed by CHCl 3 -MeOH (1:1 ? 0:1, v/v) to afford seven fractions (A-G). Fr. B (25 g) was chromatographed on a silica gel CC with a PE-EtOAc (50:1 ? 10:1, v/v) gradient to obtain five (B1-B4) 
ECD Calculation
The ECD calculations of 1-7 were performed using Gaussian 09 [13] . Briefly, the 3D structures of these compounds were first established according to the observed ROESY correlations. Conformational analysis was performed using CON-FLEX software at the MMFF94s level with an energy cutoff of 1.0 kcal/mol. The conformers were further optimized by using the Density Functional Theory (DFT) at the B3LYP/6-31 ? G(d) level in gas phase. The optimized conformations were finally subjected to ECD calculations using Time Dependent DFT (TDDFT) at the B3LYP/6-311 ??G(2d,p) level in MeOH. The calculated ECD spectra were produced by SpecDis software [14] , which were subsequently compared with their experimental spectra.
Cytotoxic Assay
The cytotoxic assay with taxol as a positive control was conducted by MTT method in 96-well plates as our previously described [10] .
NO Production Assay
The NO production assay with L-N G -monomethyl arginine (L-NMMA) as a positive control was performed as our described previously [15] .
